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DISPLAY PANEL In some embodiments , the display panel further includes 
at least one anti - reflection layer between the display device 

CROSS - REFERENCE TO RELATED and the cover layer . 
APPLICATIONS In some embodiments , the anti - reflection layer is between 

the linear polarizer and the cover layer . 
In some embodiments , the anti - reflection layer is between This application is a continuation - in - part application of a the optical absorbing layer and the display device . U.S. patent application entitled DISPLAY PANEL AND In some embodiments , the anti - reflection layer comprises METHOD FOR MANUFACTURING THE SAME , Ser . a structural layer including a plurality of protrusion struc 

No. 15 / 703,469 , filed Sep. 13 , 2017 , now allowed , which is tures opposite to the linear polarizer . 
incorporated by reference in its entirety . In some embodiments , the anti - reflection layer further comprises an optical layer in contact with the structural 

TECHNICAL FIELD layer , and a surface of the optical layer is engaged with the 
protrusion structures . 

The present disclosure is related to a display panel , In some embodiments , a refractive index of the optical 
especially to an organic light - emitting diode display panel . layer is smaller than a refractive index of the structural layer . 

Embodiments of the present disclosure provide a display 
BACKGROUND penal including an organic light - emitting diode ( OLED ) 

device and an anti - reflection structure . The OLED device 
includes a plurality of pixels , wherein each of the pixels A display panel such as an organic light - emitting diode 20 includes an anode , an organic light - emitting layer over the ( OLED ) display panel has been incorporated in various anode , and a cathode over the organic light - emitting layer . 

electronic devices such as smart phones to provide display The organic light - emitting layer has a glass transition tem 
function . The display panel , however , suffers from ambient perature . The anti - reflection structure is over the pixels of 
light reflection in outdoor use , which deteriorates visibility the OLED device , wherein the anti - reflection structure 
of the display panel . includes a photo - sensitive alignment layer , a liquid crystal 

circular polarizer , and a linear polarize . The photo - sensitive 
SUMMARY alignment layer is over the OLED device , wherein the 

photo - sensitive alignment layer has a curing temperature 
Embodiments of the present disclosure provide a display lower than the glass transition temperature of the organic 

panel including a display device , an optical absorbing layer , 30 light - emitting layer . The liquid crystal circular polarizer is 
over the photo - sensitive alignment layer , wherein the liquid an anti - reflection structure and a cover layer . The display crystal circular polarizer includes a plurality of liquid crystal device includes a plurality of pixels . The optical absorbing molecules aligned by the photo - sensitive alignment layer layer is over the display device and configured to absorb a and configured as a wavelength retardation layer . The linear light within a wavelength range . The anti - reflection structure polarizer is over the liquid crystal circular polarizer . 

is over the pixels of the display device , wherein the anti- 35 In some embodiments , the display panel further includes 
reflection structure includes a photo - sensitive alignment an optical absorbing layer over the OLED device . 
layer , a liquid crystal circular polarizer and a linear polarizer . Embodiments of the present disclosure provide a method 
The photo - sensitive alignment layer is over the optical for manufacturing a display panel . The method includes 
absorbing layer , wherein the photo - sensitive alignment layer forming an organic light - emitting diode ( OLED ) device 
is sensitive to and curable by the light within the wavelength 40 comprising an organic light - emitting layer , wherein the 
range . The liquid crystal circular polarizer is over the organic light - emitting layer has a glass transition tempera 
photo - sensitive alignment layer , wherein the liquid crystal ture ; forming a photo - sensitive material over the OLED 
circular polarizer includes a plurality of liquid crystal mol device ; and heating the photo - sensitive material at a curing 
ecules aligned by the photo - sensitive alignment layer . The temperature , wherein the curing temperature of the photo 
linear polarizer is over the liquid crystal circular polarizer . 45 sensitive material is lower than the glass transition tempera 
The cover layer is over the ti - reflection structure . ture of the organic light - emitting layer . The method further 

In some embodiments , the optical absorbing layer is includes irradiating the photo - sensitive material with a light 
configured to absorb an invisible light . to form a photo - sensitive alignment layer ; forming a plu 

In some embodiments , the optical absorbing layer com rality of liquid crystal molecules over the photo - sensitive 
prises a UV light absorbing layer , and the wavelength range 50 alignment layer , the liquid crystal molecules being aligned 
is substantially between 200 nm and 400 nm . by the photo - sensitive alignment layer to form a liquid 

In some embodiments , the liquid crystal circular polarizer crystal circular polarizer ; and forming a linear polarizer over 
is configured as a 1/4 wavelength retardation layer . the liquid crystal circular polarizer . 

In some embodiments , the display device includes an In some embodiments , the method further includes form 
organic light - emitting diode ( OLED ) device , and each of the 55 ing an optical absorbing layer over the OLED device prior 
pixels includes an anode , an organic light - emitting layer to the forming the photo - sensitive material over the display 
over the anode , and a cathode over the organic light - emitting device . 
layer . In some embodiments , the light is a linear polarizing 

In some embodiments , the photo - sensitive alignment invisible light . 
layer has a curing temperature lower than a glass transition 60 In some embodiments , the linear polarizing invisible light 
temperature of the organic light - emitting layer . is a linear polarizing UV light having a wavelength range 

In some embodiments , the display panel further includes substantially between 200 nm and 400 nm . 
a thin film encapsulation between the display device and the 
optical absorbing layer . BRIEF DESCRIPTION OF THE DRAWINGS 

In some embodiments , the display panel further includes 65 
a touch input device between the display device and the Aspects of the present disclosure are best understood from 
cover layer . the following detailed description when read with the 
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accompanying figures . It is noted that , in accordance with plify the present disclosure . These are , of course , me merely 
the standard practice in the industry , various features are not examples and are not intended to be limiting . For example , 
drawn to scale . In fact , the dimensions of the various the formation of a first feature over or on a second feature 
features may be arbitrarily increased or reduced for clarity of in the description that follows may include embodiments in 
discussion . 5 which the first and second features are formed in direct 
FIG . 1 is a schematic diagram of a display panel in contact , and may also include embodiments in which addi 

accordance with some embodiments of the present disclo tional features may be formed between the first and second 
features , such that the first and second features may not be 

FIG . 2 is a schematic diagram illustrating a light path of in direct contact . In addition , the present disclosure may 
an incident ambient light of a display panel in accordance 10 repeat reference numerals and / or letters in the various 
with some embodiments of the present disclosure . examples . This repetition is for the purpose of simplicity and 
FIG . 3 is a schematic diagram of a display panel in clarity and does not in itself dictate a relationship between 

accordance with some embodiments of the present disclo the various embodiments and / or configurations discussed . 
Further , it will be understood that when an element is 

FIG . 4 is a schematic diagram of a display panel in 15 referred to as being “ connected to ” or “ coupled to ” another 
accordance some embodiments of the present disclosure . element , it may be directly connected to or coupled to the 
FIG . 5 is a schematic diagram of a display panel in other element , or intervening elements may be present . 

accordance with some embodiments of the present disclo Further , spatially relative terms , such as “ beneath , " 
“ below , ” “ lower , ” “ above , " " upper , " " on , ” and the like , may 

FIG . 5A is a schematic diagram of an anti - reflection layer 20 be used herein for ease of description to describe one 
in accordance with some embodiments of the present dis element or feature's relationship to another element ( s ) or 
closure . feature ( s ) as illustrated in the figures . The spatially relative 
FIG . 5B is a schematic diagram of an anti - reflection layer terms are intended to encompass different orientations of the 

in accordance with some embodiments of the present dis device in use or operation in addition to the orientation 
closure . 25 depicted in the figures . The apparatus may be otherwise 
FIG . 6 is a schematic diagram of a display panel in oriented ( rotated 90 degrees or at other orientations ) and the 

accordance some embodiments of the present disclosure . spatially relative descriptors used herein may likewise be 
FIG . 7 is a schematic diagram of a display panel in interpreted accordingly . 

accordance with some embodiments of the present disclo As used herein , the terms such as “ first " , " second " and 
30 “ third ” describe various elements , components , regions , 

FIG . 7A is a schematic diagram of an anti - reflection layer layers and / or sections , these elements , components , regions , 
in accordance with some embodiments of the present dis layers and / or sections should not be limited by these terms . 
closure . These terms may be only used to distinguish one element , 
FIG . 7B is a schematic diagram of an anti - reflection layer component , region , layer or section from another . The terms 

in accordance with some embodiments of the present dis- 35 such as “ first " , " second ” and “ third ” when used herein do 
closure . not imply a sequence or order unless clearly indicated by the 
FIG . 8A , FIG . 8B , FIG . 8C , FIG . 8D and FIG . 8E are context . 

schematic diagrams illustrating a method for forming a In some embodiments of the present disclosure , a display 
display panel in accordance with some embodiments of the panel such as an OLED display panel including an inte 
present disclosure . 40 grally - formed anti - reflection structure is provided . The inte 

FIG . 9 is a schematic diagram of a display panel in grally - formed anti - reflection structure can be directly 
accordance with some embodiments of the present disclo formed on the display surface of the display panel without 

damaging the display device such as OLED device and 
FIG . 10 is a schematic diagram of a display panel in without requiring additional adhesive layers , and thus can 

accordance with some embodiments of the present disclo- 45 save manufacturing costs , minimize the overall thickness of 
the display panel and increase adhesion . The integrally 

FIG . 11 is a schematic diagram of a display panel in formed anti - reflection structure can inhibit reflection of 
accordance with some embodiments of the present disclo incident light from the environment , and thus can increase 

visibility and contrast ratio in outdoor use . 
FIG . 12 is a schematic diagram of a display panel accor- 50 FIG . 1 is a schematic diagram of a display panel in 

dance with some embodiments of the present disclosure . accordance with some embodiments of the present disclo 
FIG . 13 is a schematic diagram of a display panel in sure . As shown in FIG . 1 , the display panel 1 includes a 

accordance with some embodiments of the present disclo display device 10 , an anti - reflection structure 30 and a cover 
layer 40. In some embodiments , the display panel 1 may 

FIG . 14 is a schematic diagram of a display panel in 55 include an electroluminescent display panel such as an 
accordance with some embodiments of the present disclo OLED display panel . In some embodiments , the display 

device 10 may include a plurality of pixels 10P formed over 
FIG . 15 is a schematic diagram of a display panel in a substrate 11. The substrate 11 may include a rigid substrate 

accordance with some embodiments of the present disclo such as a glass substrate , or a flexible substrate such as a 
60 plastic substrate . In some embodiments , circuitries such as 

driving circuits may be formed on the substrate 10. Each of 
DETAILED DESCRIPTION the pixels 10 may include an anode 12 , an organic light 

emitting layer 14 and a cathode 16. The anode 12 may be 
The following disclosure provides many different formed over the substrate 11 , and electrically connected to 

embodiments , or examples , for implementing different fea- 65 the driving circuits . The organic light - emitting layer 14 may 
tures of the provided subject matter . Specific examples of be formed over the anode 12. The cathode 16 may be formed 
components and arrangements are described below to sim over the organic light - emitting layer 14 , and electrically 
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connected to the driving circuits . In some embodiments , the configured as a 1/4 wavelength retardation layer . In some 
anodes 12 , the organic light - emitting layers 14 and the embodiments , the liquid crystal molecules 34L may include 
cathodes 16 may be formed on the substrate 11 by deposi smectic liquid crystal molecules , nematic liquid crystal 
tion , photolithography and etching techniques , and thus the molecules , cholesteric liquid crystal molecules , disk - like 
resolution of the display device 10 can be increased . The 5 liquid crystal molecules , rod - like liquid crystal molecules , or 
anode 12 and the cathode 16 may be formed from transpar other suitable liquid crystal molecules . 
ent conductive material such as indium tin oxide ( ITO ) or The linear polarizer 36 is disposed over the liquid crystal 
metal material with thin thickness . In some embodiments , circular polarizer 34. In some embodiments , the linear 
the display device 10 may include a flexible display device polarizer 36 may be in contact with the liquid crystal circular 
or a bendable display panel . In such a case , the anode 12 and 10 polarizer 34 , and may be integrally formed over the liquid 
the cathode 16 may be formed from conductive material crystal circular polarizer 34. The linear polarizer 36 is 
with good ductility and malleability such as thin metal . configured to let a light of a specific linear polarization pass 

The anti - reflection structure 30 is disposed over the pixels and filter a light of another specific linear polarization . The 
10P of the display device 10 , and configured to inhibit linear polarizer 36 in conjunction with the liquid crystal 
reflection of incident ambient light and to pass the lights 15 circular polarizer 34 is configured as the anti - reflection 
emitted from the pixels 10P , so that the contrast ratio of the structure 30 to inhibit incident ambient light . 
display panel 1 in outdoor environment is improved . In some In some embodiments , the cover layer 40 is disposed over 
embodiments , the anti - reflection structure 30 may be inte the anti - reflection structure 30. The cover layer 40 is con 
grally formed over the display device 10 without requiring figured as a protection layer to protect the display panel 1 . 
additional adhesive layer . In some embodiments , the anti- 20 In some embodiments , the cover layer 40 may include a 
reflection structure 30 may include a photo - sensitive align plastic layer , but is not limited thereto . 
ment layer 32 , a liquid crystal circular polarizer 34 and a In some embodiments , other functional layer ( s ) config 
linear polarizer 36. In some embodiments , the photo - sensi ured to provide other functions may be integrally formed 
tive alignment layer 32 is disposed over the display device over the display device 10 . 
10. In some embodiments , the photo - sensitive alignment 25 FIG . 2 is a schematic diagram illustrating a light path of 
layer 32 may be formed from a photo - sensitive material such an incident ambient light of a display panel in accordance 
as a polyimide - based material . The photo - sensitive align with some embodiments of the present disclosure . As illus 
ment layer 32 is sensitive to and curable by a light within a trated in FIG . 2 , a portion of an incident ambient light L 
wavelength range . In some embodiments , the photo - sensi passes through the linear polarizer 36 , and becomes a first 
tive alignment layer 32 is sensitive to an invisible light such 30 linear polarizing light P1 such as a horizontal polarizing 
as a UV light , and the light is within the wavelength range light . The first linear polarizing light P1 then passes through 
between 200 nm and 400 nm , but not limited thereto . In the liquid crystal circular polarizer 34 , and is retarded by 1/4 
some embod ents , the photo - sensitive material may be wavelength become a first circular polarizing light C1 
thermally cured to be solidified at a curing temperature . In such as right circular polarizing light . The first circular 
some embodiments , the curing temperature of the photo- 35 polarizing light C1 is then reflected by the cathodes 16 or the 
sensitive material is lower than the glass transition tempera anodes 12 of the display device 10 , and the polarization of 
ture of the organic light - emitting layers 14 such that the the first circular polarizing light C1 is inversed to become a 
organic light - emitting layers 14 is not damaged . For second circular polarizing light C2 such as a left circular 
example , the curing temperature of the photo - sensitive polarizing light . The second circular polarizing light C2 then 
alignment layer 32 is substantially lower than 110 ° C. , such 40 passes through the liquid crystal circular polarizer 34 , and is 
as between about 50 ° C. and about 80 ° C. , but not limited retarded by 1/4 wavelength to become a second linear polar 
thereto . izing light P2 such as a vertical polarizing light . The second 

In some embodiments , the display panel 1 may optionally linear polarizing light P2 is filtered by the linear polarizer 
include an optical absorbing layer 20 disposed over the 36 , and thus will not exit . Accordingly , reflection of the 
display device 10 and configured to absorb the light for 45 incident ambient light L is inhibited . 
curing the photo - sensitive alignment layer 32. The optical The display panel of the present disclosure is not limited 
absorbing layer 20 may be integrally formed over the to the above - mentioned embodiments , and may have other 
display panel 1. The installation of the optical absorbing different embodiments . To simplify the description and for 
layer 20 may prevent the display device 10 , particularly the the convenience of comparison between each of the embodi 
organic light - emitting layers 14 , from being damaged by 50 ments of the present disclosure , the identical components in 
exposure to the light for curing the photo - sensitive align each of the following embodiments are marked with iden 
ment layer 32. In some embodiments , the optical absorbing tical numerals . For making it easier to compare the differ 
layer 20 is configured to absorb an invisible light . By way ence between the embodiments , the following description 
of example , the optical absorbing layer includes a UV light will detail the dissimilarities among different embodiments 
absorbing layer , and the wavelength range is substantially 55 and the identical features will not be redundantly described . 
between 200 nm and 400 nm . FIG . 3 is a schematic diagram of a display panel in 

The liquid crystal circular polarizer 34 is disposed over accordance with some embodiments of the present disclo 
the photo - sensitive alignment layer 32. The liquid crystal sure . As shown in FIG . 3 , in contrast to the display panel 1 
circular polarizer 34 includes a plurality of liquid crystal of FIG . 1 , the display panel 2 may further include a thin film 
molecules 34L aligned by the photo - sensitive alignment 60 encapsulation ( TFE ) 22 disposed between the display device 
layer 32. In some embodiments , the material of the photo 10 and the anti - reflection structure 30 such as between the 
sensitive alignment layer 32 may be decomposed by optical display device 10 and the optical absorbing layer 20. The 
irradiation , and the decomposed material may be bonded to TFE 22 is configured to encapsulate the display device 10 
liquid crystal molecules 34L so as to align the liquid crystal from being exposed to moisture , oxygen or the like , such 
molecules 34L . The aligned liquid crystal molecules 34L 65 that the lifetime of the display panel 2 can be extended . In 
therefore can provide phase retardation effect . In some some embodiments , the TFE 22 may be integrally formed 
embodiments , the liquid crystal circular polarizer 34 is over the display device 10. In some embodiments , the TFE 
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22 may be a single - layered encapsulation formed from embodiments , the refractive index of the optical layer 54 is 
organic material or inorganic material . In some embodi smaller than the refractive index of the structural layer 52 . 
ments , the TFE 22 may be a multi - layered encapsulation By way of example , the refractive index of the optical layer 
formed from organic material and inorganic material stacked 54 is about 1 , and the refractive index of the structural layer 
to one another . For example , the TFE 22 may include two 5 52 is about 1.5 , but not limited thereto . 
inorganic films and one organic film sandwiched between In some embodiments , the anti - reflection layer 50 is 
those two inorganic films . integrally formed over the display device 10. The anti 
FIG . 4 is a schematic diagram of a display panel in reflection layer 50 includes protrusion structures 52P and 

accordance with some embodiments of the present disclo recess structures having different refractive indices such that 
sure . As shown in FIG . 4 , in contrast to the display panel 2 10 the effective refractive index of the anti - reflection layer 50 
of FIG . 3 , the display panel 3 may further include a touch varies in a depth direction . In some embodiments , the 
input device 24 configured to provide touch input function . effective refractive index of the anti - reflection layer 50 
In some embodiments , the touch input device 24 may be varies continuously in the depth direction . In some embodi 
disposed between the display device 10 and the cover layer ments , the effective refractive index of the anti - reflection 
40. In some embodiments , the touch input device 24 may be 15 layer 50 varies discretely in the depth direction . Accord 
disposed between the TFE 22 and the anti - reflection struc ingly , reflection of incident ambient light can be further 
ture 30 , but is not limited thereto . In some embodiments , the reduced . The installation of the anti - reflection layer 50 and 
touch input device 24 may be integrally formed over the the anti - reflection structure 30 can further enhance inhibition 
TFE 22. In some embodiments , the touch input device 24 of reflection of incident ambient light . 
may include a capacitive touch input device or other types 20 FIG . 6 is a schematic diagram of a display panel in 
of touch input device . accordance with some embodiments of the present disclo 
FIG . 5 is a schematic diagram of a display panel in sure . As shown in FIG . 6 , in contrast to the display panel 4 

accordance with some embodiments of the present disclo of FIG . 5 , the anti - reflection layer 50 of the display panel 5 
sure . As shown in FIG . 5 , in contrast to the display panel 3 may be disposed between the optical absorbing layer 20 and 
of FIG . 4 , the display panel 4 may further include at least one 25 the display device 10. For example , the anti - reflection layer 
anti - reflection layer 50 between the display device 10 and 50 may be disposed between the TFE 22 and the touch input 
the cover layer 40. In some embodiments , the first anti device 24. The installation of the anti - reflection layer 50 and 
reflection layer 50 may be disposed between the linear the anti - reflection structure 30 can further enhance inhibition 
polarizer 36 and the cover layer 40. In some embodiments , of reflection of incident ambient light . 
the anti - reflection layer 50 may be integrally formed over 30 FIG . 7 is a schematic diagram of a display panel in 
the anti - reflection structure 30. In some embodiments , the accordance with some embodiments of the present disclo 
detailed structure of the anti - reflection layer 50 may be sure . As shown in FIG . 7 , in contrast to the display panel 5 
illustrated in FIG . 5A or FIG . 5B . of FIG . 6 , the display panel 6 may further include two 
FIG . 5A is a schematic diagram of an anti - reflection layer anti - reflection layers 50 and 60. In some embodiments , the 

in accordance with some embodiments of the present dis- 35 anti - reflection layer 50 may be disposed between the TFE 22 
closure . As shown in FIG . 5 and FIG . 5A , the anti - reflection and the touch input device 24 , and another anti - reflection 
layer 50 may include a structural layer 52. In some embodi layer 60 may be disposed between the linear polarizer 36 and 
ments , the structural layer 52 includes a plurality of protru the cover layer 40. In some embodiments , the anti - reflection 
sion structures 52P opposite to the display device 10. By layer 50 disposed proximal to the display device 10 may 
way of example , the protrusion structures 52P may include 40 include detailed structure as illustrated in FIG . 5A or FIG . 
moth - eye structures protruding out from the structural layer 5B . In some embodiments , the detailed structure of the 
52 , and recessed structures such as valleys may be formed anti - reflection layer 60 may be illustrated in FIG . 7A or FIG . 
between adjacent moth - eye structures . In some embodi 7B . 
ments , the protrusion structures 52P and the recessed struc FIG . 7A is a schematic diagram of an anti - reflection layer 
tures are connected to one another , and no flat surface is 45 in accordance with some embodiments of the present dis 
formed between the protrusion structures 52P and the closure . As shown in FIG . 7 and FIG . 7A , the anti - reflection 
recessed structures . In some embodiments , the refractive layer 60 may include a structural layer 62. In some embodi 
index of the structural layer 52 is different from the refrac ments , the structural layer 62 includes a plurality of protru 
tive index of a medium interfacing the structural layer 52. In sion structures 62P facing the display device 10. By way of 
some embodiments , the refractive index of the structural 50 example , the protrusion structures 62P may include moth 
layer 52 is greater than the refractive index of the medium . eye structures protruding out from the structural layer 62 , 
By way of example , the medium may include a gaseous and recessed structures such as valleys may be formed 
medium such as air having a refractive index of about 1 , and between adjacent moth - eye structures . In some embodi 
the structural layer 52 may be formed from a transparent ments , the protrusion structures 62P and the recessed struc 
material such as organic or inorganic material having a 55 tures are connected to one another , and no flat surface is 
refractive index of about 1.5 , but is not limited thereto . formed between the protrusion structures 62P and the 
FIG . 5B is a schematic diagram of an anti - reflection layer recessed structures . In some embodiments , the refractive 

in accordance with some embodiments of the present dis index of the structural layer 62 is different from the refrac 
closure . As shown in FIG . 5B , the anti - reflection layer 50 tive index of the medium interfacing the structural layer 62 . 
may further include an optical layer 54 disposed over the 60 In some embodiments , the refractive index of the structural 
structural layer 52. In some embodiments , the optical layer layer 62 is greater than the refractive index of a medium . By 
54 is in contact with the structural layer 52 , and a surface way of example , the medium may include a gaseous medium 
54S of the optical layer 54 is engaged with the protrusion such as air having a refractive index of about 1 , and the 
structures 52P of the structural layer 52. In some embodi structural layer 62 may be formed from a transparent mate 
ments , the structural layer 52 and the optical layer 54 are 65 rial such as organic or inorganic material having a refractive 
formed from transparent materials such as organic or inor index of about 1.5 , but not limited thereto . In some embodi 
ganic materials having different refractive indices . In some ments , the protrusion structures 62P of the anti - reflection 
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layer 60 and the protrusion structures 52P of the anti light - emitting layer 14. In some embodiments , the curing 
reflection layer 50 face each other . For example , the protru temperature of the photo - sensitive material 31 is substan 
sion structures 62P protrude toward the anti - reflection layer tially lower than 110 ° C. , such as between about 50 ° C. and 
50 , and the protrusion structures 52P protrude toward the about 80 ° C. , but not limited thereto . 
anti - reflection layer 60 . As shown in FIG . 8C , the photo - sensitive material 31 is 
FIG . 7B is a schematic diagram of an anti - reflection layer irradiated with a light L to form a photo - sensitive alignment in accordance with some embodiments of the present dis layer 32. In some embodiments , the light L for curing the closure . As shown in FIG . 7B , the anti - reflection layer 60 photo - sensitive material 31 is a linear polarizing invisible may further include an optical layer 64 disposed over the light such as a linear polarizing UV light having a wave structural layer 62. In some embodiments , the optical layer 10 length range substantially between 200 nm and 400 nm , but 64 is in contact with the structural layer 62 , and a surface not limited thereto . In some embodiments , the material of 64S of the optical layer 64 is engaged with the protrusion the photo - sensitive material 31 may be decomposed after structures 62P of the structural layer 62. In some embodi 

ments , the structural layer 62 and the optical layer 64 are irradiation of the light L. In some embodiments , the optical 
formed from transparent materials such as organic or inor- 15 absorbing layer 20 is configured to absorb the light L and 
ganic materials having different refractive indices . In some prevent the display device 10 , particularly the organic light 
embodiments , the refractive index of the optical layer 64 is emitting layers 14 , from being damaged by exposure to the 
smaller than the refractive index of the structural layer 62 . light L. The optical absorbing layer 20 allows the light 
By way of example , the refractive index of the optical layer emitted by the display device 10 to pass such that display 
64 is about 1 , and the refractive index of the structural layer 20 images of the display device 10 are not affected . In some 
62 is about 1.5 , but not limited thereto . In some embodi embodiments , the thermal treatment may be performed prior 
ments , the protrusion structures 62P and the protrusion to and / or subsequent to the irradiation of the photo - sensitive 
structures 52P face each other . For example , the protrusion material 31 . 
structures 62P protrude toward the anti - reflection layer 50 , As shown in FIG . 8D , a plurality of liquid crystal mol 
and the protrusion structures 52P protrude toward the anti- 25 ecules 34L may be integrally formed over the photo - sensi 
reflection layer 60 . tive alignment layer 32 by coating , dispensing or other 

In some embodiments , the anti - reflection layer 60 is suitable methods . The liquid crystal molecules 34L may be integrally formed the display device 10. The anti - reflection bonded to the decomposed material of the photo - sensitive layer 60 includes protrusion structures 62P and recess struc material 31 such as by Van der Waals force , and aligned by 
tures having different refractive indices such that the effec- 30 the photo - sensitive alignment layer 32 to form a liquid tive refractive index of the anti - reflection layer 60 varies in 
a depth direction . In some embodiments , the effective refrac crystal circular polarizer 34 with phase retardation effect . In 

some embodiments , the liquid crystal circular polarizer 34 tive index of the anti - reflection layer 60 varies continuously 
in the depth direction . In some embodiments , the effective has 1/4 wavelength retardation effect , and is configured as a 
refractive index of the anti - reflection layer 60 varies dis- 35 circular polarizer . In contrast to a mechanical alignment such 
cretely in the depth direction . Accordingly , reflection of as rubbing process which may cause damage to the display 
incident ambient light can be further reduced . The installa device 10 or underlying layers , the display device 10 or 
tion of the anti - reflection layers 50 , 60 and the anti - reflection underlying layers is less likely to be damaged during the 
structure 30 can further enhance inhibition of reflection of optical alignment , and thus the reliability of the display 
incident ambient light . 40 panel can be increased . 
FIG . 8A , FIG . 8B , FIG . 8C , FIG . 8D and FIG . 8E are As shown in FIG . 8E , a linear polarizer 36 may be 

schematic diagrams illustrating a method for forming a integrally formed over the liquid crystal circular polarizer 34 
display panel in accordance with some embodiments of the by coating , dispending , depositing or other suitable meth 
present disclosure . As shown in FIG . 8A , a display device 10 ods . The photo - sensitive alignment layer 32 , the liquid 
such as an organic light - emitting diode ( OLED ) device is 45 crystal circular polarizer 34 and the linear polarizer 36 form 
formed . In some embodiments , the display device 10 an anti - reflection structure 30 able to inhibit reflection of 
includes a plurality of pixels 10P , and each of the pixels 10P incident ambient light . In some embodiments , a cover layer 
includes an organic light - emitting layer 14 formed over a 40 is formed over the linear polarizer 36 to protect the linear 
substrate 11 , and the organic light - emitting layer 14 has a polarizer 36 . 
glass transition temperature . In some embodiments , each of 50 In some embodiments of the present disclosure , a display 
the pixels 10P may further include an anode 12 and a panel such as an OLED display panel is equipped with an 
cathode 16 for driving the organic light - emitting layer 14 . integrally - formed anti - reflection structure . The integrally 
As shown in FIG . 8B , a photo - sensitive material 31 may formed anti - reflection structure can be directly formed on 

be formed over the display device 10. In some embodiments , the display surface of the display panel without damaging 
the photo - sensitive material 31 may be integrally formed 55 the display device such as OLED device and without requir 
over the display device 10 by coating , dispensing or other ing additional adhesive layers , and thus can save manufac 
suitable methods . In some embodiments , the photo - sensitive turing costs and minimize the overall thickness of the 
material 31 may be formed from a photo - sensitive material display panel . The integrally - formed anti - reflection structure 
such as a polyimide - based material , but not limited thereto . can inhibit reflection of incident light from the environment , 
In some embodiments , an optical absorbing layer 20 may be 60 and thus can increase visibility and contrast ratio in outdoor 
optionally formed over the display device 10 prior to for The anti - reflection structure and other functional layers 
mation of the photo - sensitive material 31 over the display such as the TFE , the optical absorbing layer , the touch input 
device 10. In some embodiments , a thermal treatment is device , the anti - reflection layer and the cover layer are 
performed to heat the photo - sensitive material 31 at a curing formed from extendable material , and may be formed 
temperature to solidify the photo - sensitive material 31. The 65 directly over the display device without requiring additional 
curing temperature of the photo - sensitive material 31 is adhesive layers . Accordingly , adhesion between any two 
lower than the glass transition temperature of the organic adjacent layers of the above layers is enhanced . The 

use . 
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enhanced adhesion reduces the risk of delamination of the surface 10D of the display panel 300. In some embodiments , 
display panel , especially when the display panel is operated the scattering particles 94 are randomly dispersed in the 
in a bent or folded mode . PDL 92. The lateral light beams may travel through the 

Other alternatives or embodiments may be used without light - guiding structure 90 and encounter the scattering par 
departure from the spirit and scope of the present disclosure . 5 ticles 94. The scattering particles 94 may scatter the lateral 
FIG . 9 is a schematic diagram of a display panel in accor light beams such that the lateral light beams emitted from the 
dance with some embodiments of the present disclosure . As pixels 10P are substantially toward the display surface . 
shown in FIG . 9 , a light - guiding structure 70 is disposed The scattering particles 94 may include conductive par 
between the pixels 10P to guide light beams emitted from ticles . In some embodiments , the conductive particles 
the pixels 10P toward the display surface 10D of the display 10 include metal oxide particles . The dimension of the metal 
panel 100. Typically , light beams emitted from the pixels oxide particles may be in nanoscale . The metal oxide 
10P are multi - directional and isotropic . Thus , lateral lights particles may increase the optical out - coupling by scattering 
beams generated from the pixels 10P are often wasted since the lateral light beams emitted from the pixels 10P . In some 
they are more unlikely to pass through the display surface . embodiments , the metal oxide particles may assist the 
The light - guiding structure 70 is incorporated into the dis- 15 removing of the photoresists during the lift - off process in the 
play panel 100 to increase the amount of light beams to manufacturing process for the display panel 300. In other 
travel toward the display device . Lateral light beams emitted embodiments , the scattering particles 94 may include insu 
from the pixels 10P may be redirected toward the display lation particles . The display panel 300 may further include 
surface 10D by the light - guiding structure 70 . an anti - reflection layer 50 as shown in FIG . 5 , but is not 

In some embodiments , a refractive index of the light- 20 limited thereto . 
guiding structure 70 is smaller than that of the pixels 10P . FIG . 12 is a schematic diagram of a display panel in 
Accordingly , the lateral light beams emitted from the pixels accordance with some embodiments of the present disclo 
10P may be reflected by the light - guiding structure 70 sure . In contrast to the embodiment shown in FIG . 11 , the 
without entering the light - guiding structure 70. The lateral scattering particles 94 of the display panel 400 in FIG . 12 are 
light beams emitted from the pixels 10P are redirected to the 25 dispersed in the PDL 92 corresponding to the organic 
display surface 10D by total internal reflection . In some light - emitting layer 14. The scattering particles 94 are doped 
embodiments , the light - guiding structure 70 includes a in a confined region 96 corresponding to the area of the 
pixel - defining layer ( PDL ) . Though not shown in the figures , organic light - emitting layer 14. The scattering particles 94 
the display panel 100 may further include an anti - reflection are arranged corresponding to the organic light - emitting 
layer 50 between the display device 10 and the cover layer 30 layer 14 such that the lateral light beams emitted from the 
40 as shown in FIG . 5 , but is not limited thereto . organic light - emitting layer 14 may be effectively scatter by 

The light - guiding structure 70 can be formed in different the light - guiding structure 90. The display panel 400 may 
shapes . As shown in FIG . 9 , the cross section of the further include an anti - reflection layer 50 as shown in FIG . 
light - guiding structure 70 may be rectangle . In some 5 , but is not limited thereto . 
embodiments , the cross section of the light - guiding structure 35 FIG . 13 is a schematic diagram of a display panel in 
70 may have a curved surface . In other embodiments , the accordance with some embodiments of the present disclo 
shape of light - guiding structure 70 may be a trapezoid . The sure . As shown in FIG . 13 , each of the pixels 10P of the 
shape of the light - guiding structure 70 may be altered display panel 500 includes a plurality of layers stacked 
according to the design or other considerations . together . In some embodiments , the organic light - emitting 
FIG . 10 is a schematic diagram of a display panel in 40 layer 14 may include a first carrier layer 14H , a light 

accordance with some embodiments of the present disclo emitting layer 14M and a second carrier layer 14E . The first 
sure . As shown in FIG . 10 , the light - guiding structure 80 of carrier layer 14H may include a first carrier injection layer 
the display panel 200 includes a PDL 82 and a reflective film and a first carrier transportation layer . The second carrier 
84. The reflective film 84 is disposed on surfaces of the PDL layer 14E may include a second carrier injection layer and 
82 facing the pixels 10P to reflect the lateral light beams 45 a second carrier transportation layer . In some embodiments , 
emitted from the pixels 10P to the display surface 10D of the the first carrier is hole and the second carrier is electron . 
display panel 200. In some embodiments , the reflective film Referring to FIG . 13 , a light - guiding structure 15 and the 
84 is affixed to surfaces of the PDL 80 facing the pixels 10P . plurality of layers are stacked on one another . The light 
The reflective film 84 may include metal oxides . In some guiding structure 15 is between the first carrier layer 14H 
embodiments , the reflective film 84 may assist lift - off pro- 50 and the light - emitting layer 14M . The light - guiding structure 
cesses of red , green and blue materials through a photosen 15 may include a plurality of scattering particles 15P for 
sitive layer . The display panel 200 may further include an scattering light beams emitted from the pixels 10P . The 
anti - reflection layer 50 as shown in FIG . 5 , but is not limited scattering particles 15P may include conductive particles . In 
thereto . some embodiments , the conductive particles include metal 

The PDL 82 can be formed in different shapes . As shown 55 oxide particles . The metal oxide particles may increase the 
in FIG . 10 , the cross section of the PDL 82 is rectangle . In optical out - coupling by scattering the light beams emitted 
some embodiments , the cross section of the PDL 82 may from the pixels 10P . Specifically , light beams travel toward 
have a curved surface . In other embodiments , the shape of the first carrier layer 14 may be scattered by the scattering 
PDL 82 may be a trapezoid . The shape of the PDL 82 may particles 15P in the light - guiding structure 15. Thus , the light 
be altered according to the design or other considerations . 60 beams may be redirected and travel towards the display 

FIG . 11 is a schematic diagram of a display panel in surface 10D of the display panel 500 . 
accordance with some embodiments of the present disclo FIG . 14 is a schematic diagram of a display panel in 
sure . As shown in FIG . 11 , the light - guiding to structure 90 accordance with some embodiments of the present disclo 
of the display panel 300 includes a PDL 92 and a plurality sure . As shown in FIG . 14 , the light - guiding structure 15 of 
of scattering particles 94 dispersed in the PDL 92. The 65 the display panel 600 is between the second carrier layer 14E 
scattering particles 94 are configured to scatter the lateral and the cathode 16. The light - guiding structure 15 may 
light beams emitted from the pixels 10P to the display include a plurality of scattering particles 15P for scattering 
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light beams emitted from the pixels 10P or scattering inci What is claimed is : 
dent ambient light . The installation of the light - guiding 1. A display panel , comprising : 
structure 15 can further enhance inhibition of reflection of a display device comprising a plurality of pixels ; 
incident ambient light and increase the optical out - coupling a light - guiding structure for scattering lateral light beams 
from the pixels 10P . emitted from the pixels substantially toward a display 

surface ; 
FIG . 15 is a schematic diagram of a display panel in an anti - reflection structure over the pixels of the display 

accordance with some embodiments of the present disclo device ; 
sure . As shown in FIG . 15 , the anode 12 of the display panel a cover layer over the anti - reflection structure ; and 
700 may include at least two sublayers 12A and 12B . The at least one anti - reflection layer between the display 
light - guiding structure 13 is between the sublayer 12A and device and the cover layer , wherein the anti - reflection 
the sublayer 12B . The light - guiding structure 13 may layer comprises a structural layer including a plurality 
include a plurality of scattering particles 13P for scattering of protrusion structures and an optical layer in contact 

with the structural layer , a surface of the optical layer light beams emitted from the pixels 10P . Specifically , light is engaged with the protrusion structures , and a refrac beams travel toward the substrate 11 may be scattered by the 15 tive index of the optical layer is smaller than a refrac 
scattering particles 13P in the light - guiding structure 13 . tive index of the structural layer . 
Thus , the light beams may be redirected and travel towards 2. The display panel in claim 1 , further comprising a 
the display surface 10D of the display panel 700 . pixel - defining layer ( PDL ) . 

The foregoing outlines features of several embodiments 3. The display panel in claim 2 , wherein the light - guiding 
so that those skilled in the art may better understand the 20 structure comprises a plurality of scattering particles dis 

persed in the PDL . aspects of the present disclosure . Those skilled in the art 4. The display panel in claim 3 , wherein the scattering should appreciate that they may readily use the present particles comprise metal oxide particles . 
disclosure as a basis for designing or modifying other 5. The display panel in claim 2 , wherein the light - guiding 
processes and structures for carrying out the same purposes 25 structure comprises a reflective film affixed to surfaces of the 
and / or achieving the same advantages of the embodiments PDL facing the pixels . 
introduced herein . Those skilled in the art should also realize 6. The display panel in claim 1 , wherein a refractive index 
that such equivalent constructions do not depart from the of the light - guiding structure is smaller than that of the 
spirit and scope of the present disclosure , and that they may pixels , and the lateral light beams emitted from the pixels are 
make various changes , substitutions , and alterations herein reflected by the light - guiding structure without entering the 
without departing from the spirit and scope of the present light - guiding structure . 
disclosure . 

30 


